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(54) Title: LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

[Problem] To attain high image quality by restraining the 
occurrence of a luminance difference. 

[Means for Resolution] In this liquid crystal display device, 
the respective pixel regions on the liquid crystal side of one 
of transparent substrates disposed opposite to each other 
through liquid crystal is provided with a pixel electrode to 
which a selected video signal is supplied through a video signal 
line, and a counter electrode disposed adjacent to the pixel 
electrode, and supplied with a reference signal to the video 
signal, and the optical transmittance of liquid crystal between 
the pixel electrode and the counter electrode is controlled 
by an electric field generated between th.e pixel electrode and 
the counter electrode. The counter electrode is supplied with 
the reference signal through a switching element in time to 
the supply of the video signal to the pixel electrode. 
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Claims; 

1. A liquid crystal display device, comprising: a pixel 
electrode supplied with a selected video signal through a video 
signal line; and a counter electrode disposed adjacent to the 
pixel electrode and supplied with a reference signal to the 
video signal, which are provided in each pixel region on the 
liquid crystal side of one of transparent substrates disposed 
opposite to each other through liquid crystal, wherein the 
optical transmittance of the liquid crystal between the pixel 
electrode and the counter electrode is controlled by an 
electric field generated between the pixel electrode and the 
counter electrode, characterized in that the counter electrode 
is supplied with the reference signal in time to the supply 
of a video signal to the pixel electrode through a switching 
element. 

2. The liquid crystal display device according to claim 
1, wherein the pixel electrode is supplied with a video signal 
from the video signal line through a first switching element 
driven by the supply of a scan signal from a scan signal line 
and also the counter electrode is supplied with the reference 
signal from a counter voltage signal line through a second 
switching element driven by the supply of a scan signal from 
the scan signal line. 

3. The liquid crystal display device according to claim 
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1 or 2, wherein the counter electrode is formed adjacent to 
the video signal line. 

Detailed Description of the Invention : 
[0001] 

[Industrial Field of Application] 

This invention relates to a liquid crystal display device 
and particularly to the so-called transverse field type liquid 
crystal display device, 
[0002] 

[Prior Art] 

The transverse field type liquid crystal display device 
has been so constructed heretofore that each surface of the 
respective pixel regions on the liquid crystal side of one of 
transparent substrates disposed opposite to each other through 
liquid crystal is provided with a pixel electrode and a counter 
electrode disposed adjacent to the pixel electrode, and the 
optical transmittance of liquid crystal between the electrodes 
is controlled by an electric field generated between the pixel 
electrode and the counter electrode. 
[0003 ] 

As to this type of liquid crystal display device, it has 
been known that a clear video (picture) can be recognized even 
in observation from the visual field at a large angle to its 
display surface, and the device has excellent angle visual 
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field. 
[0004] 

The thus constructed active matrix type liquid crystal 
display device is described in detail in JP-T-5-505247 (the 
term "jp-T" as used herein means a published Japanese 
translation of a PCT patent application) , JP-B-63-2 1907 , 
JP-A-6-160878 and so on, for example. 
[0005] 

It will be apparent from these documents that as the basic 
configuration, on the surface on the liquid crystal side of 
one transparent substrate, a region surrounded with a scan 
signal line, a counter voltage signal line, which are extended 
in the direction of x and adjacent to each other in the direction 
of y, and video signal lines, which are extended in the 
direction of y and disposed side by side in the direction of 
x, is taken as a pixel region, and each of the pixel regions 
is provided with a switching element driven in response to a 
scan signal from the scan signal line, a pixel electrode 
supplied with a video signal from the video signal line through 
the driven switching element, and a counter electrode disposed 
adjacent to the pixel electrode and supplied with a reference 
signal through the counter voltage signal line. 
[0006] 

[Problems that the Invention is to Solve] 

It has been proposed that the counter electrode of the 
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respective electrodes of the pixel region is disposed adjacent 
to the video signal line, whereby noise from the video signal 
line is prevented from entering the pixel electrode by the 
counter electrode. 
[0007] 

[Means for Solving the Problems] 

In this case, however, it is pointed out that a luminance 
difference is caused on the display surface, and as the liquid 
crystal display device tends to increase in size, such 
luminance difference is not ignorable. 
[0008] 

As a result of investigation on the cause of a luminance 
difference on the display surface, the followings become clear. 
[0009] 

That is, in the case where the counter electrode is 
disposed adjacent to the video signal line, large parasitic 
capacity is generated between them, so that signal delay in 
the video signal line is increased. 
[0010] 

This causes a difference between the signal voltage near 
the signal source of the video signal line and the signal 
voltage at a portion distant from that, so signals for driving 
the liquid crystal are different on the screen to actualize 
a luminance difference. 
[0011] 
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It is confirmed that differing in degrees , this 
phenomenon is not limited to the case where the counter 
electrode is disposed adjacent to the video signal line, but 
it is caused in the case where the pixel electrode is disposed 
adjacent to the video signal line as well. 
[0012] 

This invention has been made in the light of such 
circumstances and it is an object of the invention to provide 
a liquid crystal display device, which may attain high image 
quality by restraining the occurrence of luminance difference. 
[0013] 

[Means for Solving the Problems] 

The outline of a representative one of the inventions 
disclosed in the present application will now be described in 
brief in the following. That is, a liquid crystal display 
device, includes: a pixel electrode supplied with a selected 
video signal through a video signal line; and a counter 
electrode disposed adjacent to the pixel electrode and supplied 
with a reference signal to the video signal, which are provided 
in each pixel region on the liquid crystal side of one of 
transparent substrates disposed opposite to each other through 
liquid crystal, in which the optical transmittance of the 
liquid crystal between the pixel electrode and the counter 
electrode is controlled by an electric field generated between 
the pixel electrode and the counter electrode, characterized 
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in that the counter electrode is supplied with the reference 
signal in time to the supply of a video signal to the pixel 
electrode through a switching element. 
[0014] 

In the thus constructed liquid crystal display device, 
the counter electrode in each pixel region is not connected 
to the signal line always supplied with the reference signal, 
but connected to the signal line only at need in the drive of 
the pixel (the case where the pixel electrode paired with the 
counter electrode is supplied with a video signal) through the 
switching element. 
[0015] 

It is confirmed that in the case where the counter 
electrode in each pixel region is not connected to the signal 
line supplied with the reference signal, parasitic capacity 
generated between the counter electrode and the video signal 
line is remarkably decreased as compared with that in the case 
where the counter electrode is connected to the signal line 
supplied with the reference signal. 
[0016] 

Therefore, in the case of driving the respective pixel 
regions, the proportion of pixel regions driven on the display 
surface is very small, so the parasitic capacity of the video 
signal line to the counter electrode is further remarkably 
decreased to prevent signal delay in the video signal line. 
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[0017] 

[Mode for Carrying Out the Invention] 

An embodiment where the invention is applied to the 
active matrix type color liquid crystal display device will 
now be described. In the drawings described in the followings, 
the parts having the same function are designated by the same 
reference numerals, so the repeated description is omitted. 
[0018] 

[Embodiment 1] 

Fig. 1 is a plan view showing one pixel and its periphery 
of an active matrix type color liquid crystal display device 
according to the present invention. A sectional view taken 
along line 3 - 3 of Fig. 1 is shown in Fig. 3, and a sectional 
view taken along line 4 - 4 is shown in Fig. 4. 
[0019] 

In Fig. 1, on the surface on the liquid crystal side of 
one transparent substrate , a scan signal line GL extended in 
the direction of (x) and arranged in the direction of (y) is 
formed. 
[0020] 

Within a region sandwiched between the respective scan 
signal lines GL, a counter voltage signal line CL is formed 
adjacent to one scan signal line GL (in the drawing, the lower 
scan signal line GL) in parallel to the scan signal line GL. 
[0021] 
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Although the scan signal line GL and the counter voltage 
signal line CL in this case are formed of the same material 
and formed in the same process in the present embodiment , this 
is not restrictive particularly. 
[0022] 

On the surface of the transparent substrate where the 
scan signal line GL and the counter voltage signal line CL are 
thus formed, an insulation film covering the signal line as 
well is formed. 
[0023] 

The insulation film functions as a layer insulation film 
of a video signal line DL mentioned later to the scan signal 
line GL and the counter voltage signal line CL, and also 
functions as a gate insulation f ilm GI (See Fig. 4 ) in a forming 
area of a thin film transistor TFT area mentioned later and 
as a dielectric film in a forming area of a capacitative element 
Cstg mentioned later. 
[0024] 

Two thin film transistors TFT are formed on a partial 
area of the scan signal line GL in the present embodiment, one 
of them functions as a first switching element TFTl for 
supplying a video signal from the video signal line DL mentioned 
later to a pixel electrode PX, and the other functions as a 
second switching element TFT 2 for supplying reference voltage 
from the counter voltage signal line CL to a counter electrode 
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CT mentioned later. 
[0025] 

In the forming area of the thin film transistor TFT, a s 
shown in Fig. 4, an amorphous silicon layer AS (semiconductor 
layer) , for example , is formed insular on the insulation film 
GI, and a source electrode SDl and a drain electrode SD2 are 
formed on the upper surface of the semiconductor layer AS, 
thereby forming the thin film transistor TFT taking a part of 
the scan signal line GL as a gate electrode GT. The source 
electrode SDl and the drain electrode SD2 are formed in the 
same process as the video signal line DL. 
[0026] 

That is, as shown in Fig. 1, the video signal lines DL 
extended in the direction of (y) and arranged side by side in 
the direction of (x) in the drawing are formed, and at the time, 
the video signal lines DL are insulated from the scan signal 
line GL or the counter voltage signal line CL by the insulation 
film. 
[0027] 

The video signal line DL is partially extended to the 
area of the thin film transistor TFTl as the first switching 
element, thereby constituting the drain electrode SD2. 
[0028] 

On the other hand, the source electrode SDl of the thin 
film transistor TFTl is also formed simultaneously with the 
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video signal line DL, and the source electrode is formed 

integral with the pixel electrode PX. 

[0029] 

The pixel electrode PX is formed like the teeth of a comb, 
a counter electrode CT provided adjacent to the pixel electrode 
is also formed like the teeth of a comb, and the pixel electrode 
Px and the counter electrode CT are disposed to engage with 
each other. 
[0030] 

That is, in the present embodiment, three counter 
electrodes CT are provided, two of them are disposed adjacent 
to two video signal lines DL on both sides, the remaining one 
is disposed in the midway between the above two electrodes, 
and in the drawing, the upper ends are connected in common to 
be E-shaped. 
[0031] 

On the other hand, two pixel electrodes PX are provided 
and respectively disposed in the midway between the respective 
counter electrodes CT, and in the drawing, the lower ends are 
connected in common to be U-shaped. 
[0032] 

In this case, the common connecting parts of the 
respective pixel electrodes PX are formed on the upper layer 
of the counter voltage signal line CL, and a capacitative 
element Cstg taking the insulation film as a dielectric film 
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is formed between them. The capacitative element Cstg is 
provided to produce the effect of storing a video signal in 
the pixel electrode PX for a long time even if the thin film 
transistor TFT1 is put in the off state after the video signal 
from the video signal line DL is supplied through the thin film 
transistor TFT1 to the pixel electrode PX. 
[0033] 

The counter electrode CT has one end extended as it is, 
thereby constituting the source electrode of the thin film 
transistor TFT2 as the second switching element, and the drain 
electrode of the thin film transistor TFT2 is extended to the 
counter voltage signal line CL to be connected to the counter 
voltage signal line CL through a contact hole. 
[0034] 

In this case, the thin film transistor TFT2 has the quite 
same construction (shown in Fig. 4) as the thin film transistor 
TFT1, so that in manufacturing the thin film transistor TFT2 , 
it can be manufactured concurrently with the thin film 
transistor TFT1. 
[0035] 

As clear from the above description, the pixel electrode 
PX and the counter electrode CT are formed by the same layer, 
so they can be formed of the same material and in the same process 
(selective etching process using photolithography). Thus, 
the spaces between the pixel electrodes PX and the counter 
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electrodes CT are all made uniform without misalignment of a 
mask so as to produce the effect of preventing non-uniformity 
of display. 
[0036] 

By this constitution , the counter electrode is supplied 
with a reference signal from the counter voltage signal line 
CL through the thin film transistor TFT2 in time to the supply 
of a video signal to the pixel electrode PX. 
[0037] 

That is, simultaneously with the supply of the video 
signal from the video signal line Dl through the thin film 
transistor TFT1 to the pixel electrode PX, the reference signal 
from the counter voltage signal line CL is supplied through 
the thin film transistor TFT2 to the counter electrode CT. 
[0038] 

Although this is the same as before in the drive of the 
pixel, in the pixels not driven (occupying the most part of 
the display surface), only the counter electrode CT is not 
connected to the counter voltage signal line CL. 
[0039] 

On the surface of the thus worked transparent substrate 
on the liquid crystal side, as shown in Fig. 3, a protective 
film PSV formed by such as a silicon nitride film is formed 
extending over the whole area, and an orientation film OR11 
is formed on the upper surface of the protective film. 
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[0040] 

On the other hand, as shown in Fig. 3, the surface on 
the liquid crystal LC side of the other transparent substrate 
SUB2 side opposite to the above through the liquid crystal LC 
is provided with color filters FIL of specified colors opposite 
to the respective pixel regions , a flat film OC formed to cover 
the respective color filters FIL, and an orientation film OR12 
formed on the surface of the flat film OC. 
[0041] 

Fig. 2 is a circuit diagram showing an equivalent circuit 
in the thus constructed pixel region. 
[0042] 

In this case, the respective resistances of the video 
signal line DL, the scan signal line GL and the counter voltage 
signal line CL are omitted. 
[0043] 

In Fig. 2, the reference numeral Cdpl designates a 
parasitic capacity generated due to close existence of wirings 
between the video signal line DL and the pixel electrode PX, 
the reference numeral Cdp2 designates a parasitic capacity 
existing between the adjacent video signal line DL and the pixel 
electrode PX, the reference numeral Cstg designates a capacity 
generated due to overlap through the insulation film between 
the pixel electrode PX and the counter voltage signal line CL, 
the reference numeral Clc designates a capacity generated due 
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to close existence of electrodes through the liquid crystal 
between the pixel electrode PX and the counter electrode CT, 
the reference numeral Cgdx designates a capacity generated due 
to overlap through an insulation film between the video signal 
line DL and the scan signal line GL, the reference numeral Cgcx 
designates a capacity generated due to overlap through the 
insulation layer between the video signal line DL and the 
counter signal line CL, the reference numeral Cgdl designates 
a parasitic capacity generated between the drain electrode 
and the gate electrode in the thin film transistor TFTl , the 
reference numeral Cgsl designates a parasitic capacity 
generated between the source electrode and the gate electrode 
in the thin film transistor TFTl, the reference numeral Cgd2 
designates a parasitic capacity generated between the drain 
electrode and the gate electrode in the thin film transistor 
TFT2 , the reference numeral Cgs2 designates a parasitic 
capacity generated between the source electrode and the gate 
electrode in the thin film transistor TFT2 , and the reference 
numeral Cc designates a capacity generated due to overlap 
through the insulation layer between the counter electrode CT 
and the counter signal line CL. 
[0044] 

Since one pixel is disposed in the longitudinal and 
lateral directions in the display screen, the Cdp2 is connected 
with the adjacent video signal line DL as well. 
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[0045] 

When load capacity Cdl connected to the vi deo signal line 
DL at that time is calculated, it is expressed by the following 
formula ( 1 ) . 
[0046] 
[Formula 1] 

Cdl=Cgdx+Cgcx+Cgdl+ ( Cdpl+Cdp2 ) // ( Cgs2+Clc+Cc ) // ( Cstg 
+Cgsl)) ...(1) 

wherein the sign // is an operator for calculating the composite 
capacity of two capacities connected in series, which is 
defined by the following formula (2). 
[0047] 
[Formula 2] 

C1//C2=C1 x C2/ (C1+C2) ...(2) 
On the other hand. Fig. 9 is a circuit diagram showing an 
equivalent circuit in the conventional structure of the pixel 
region, and when the load capacity Cd2 connected to the video 
signal line DL is similarly calculated, it is expressed by the 
following formula ( 3 ) . 
[0048] 
[Formula 3] 

Cd2=Cgdx + Cgcx + Cgdl + Cdpl +Cdp2 ... (3) 
When the formula (1) and the formula (3) are compared with each 
other , it is found that the load capacity Cdl of the video signal 
line DL in the present embodiment is reduced as compared with 
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the load capacity Cd2 of the video signal line DL in the 

conventional structure . 

[0049] 

This results from that although the two formulas have 
the same first to third terms of the right member, the fourth 
and following terms are (Cdpl + Cdp2 ) , which are serially 
connected to the other capacity in the present embodiment, and 
on the other hand, they are (Cdpl + Cdp2 ) , which are intact 
in the prior art. 
[0050] 

Generally, when two or more capacities are serially 
connected, the composite capacity becomes smaller than the 
value thereof, so it is found that the load capacity is reduced 
for the serial connection in the present embodiment. 
[0051] 

Especially, in the system where the transmittance of 
light is modulated by applying an electric field substantially 
parallel to the substrate in the liquid crystal molecules, the 
video signal line DL and the counter electrode CT are disposed 
parallel up to the length about 80 percentage of the pixel size, 
so the parasitic capacity between them, that is, the Cdpl and 
the Cdp2 are apt to increase. It will be found from this that 
according to the present invention, the effect of reducing the 
load capacity is large. 
[0052] 
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Thus, the signal delay of the video signal line can be 
reduced, and a difference between the voltage near the signal 
source of the video signal line and the voltage in a position 
more away from it can be decreased so as to restrain a luminance 
difference on the display surface. 
[0053] 

[ Embodiment 2 ] 

Fig. 5 is a plan view of another embodiment showing one 
pixel and its periphery of an active matrix type color liquid 
crystal display device according to the invention, which 
corresponds to Fig. 1. A sectional view taken along line 7 
- 7 of Fig. 5 is shown in Fig. 7, and a sectional view taken 
along line 8 - 8 is shown in Fig. 8. 
[0054] 

The difference from Fig. 1 is first that a scan signal 
line GL and a counter voltage signal line CL are conversely 
disposed respectively . 
[0055] 

That is, a reference signal from the counter voltage 
signal line CL is supplied to a counter electrode CT over the 
scan signal line GL (to be accurate, through a thin film 
transistor TFT2 formed on the upper layer of the scan signal 
line GL) . 
[0056] 

Further, the counter electrode CT is formed on the same 
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layer as the scan signal line GL and the counter voltage signal 
line CL. Then, the counter electrode CT is formed of the same 
material as the scan signal line GL and the counter voltage 
signal line CL and it can be formed in the same process as those. 
[0057] 

Accordingly , the counter electrode CT is positioned on 
the lower layer of the insulation film, and connected to the 
source electrode of the thin film transistor TFT2 formed on 
the upper layer of the insulation film through a contact hole 
formed in the insulation film. Further, the drain electrode 
of the thin film transistor TFT2 is similarly connected to the 
counter voltage signal line CL formed on the lower layer of 
the insulation film through a contact hole formed in the 
insulation film. 
[0058] 

By this arrangement, a scan signal is supplied to the 
scan signal line GL to thereby drive the thin film transistor 
TFT2, and reference voltage from the counter voltage signal 
line CL is supplied through the thin film transistor TFT2 to 
the counter electrode CT. 
[0059] 

Further, a pixel electrode PX is formed on the upper layer 
of the insulation film and formed on the same layer as a video 
signal line DL. Then, the pixel electrode PX can be formed 
of the same material of the video signal line DL, and it can 
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be formed in the same process as those. 
[0060] 

The pixel electrode PX is formed extending to the counter 
voltage signal line CL on the upper side in the drawing , and 
its superposed part on the counter voltage signal line CL is 
provided with a capacitative element Cstg formed to have the 
insulation film interposed between them functioned as a 
dielectric film. 
[0061] 

Since the capacitative element Cstg is formed as 
described above, the pixel electrode PX crosses a common 
connecting part of each counter electrodes CT, resulting in 
that the capacitative element Cs is formed on the crossing part. 
[0062] 

Fig. 6 is a circuit diagram showing an equivalent circuit 
in the thus constructed pixel region. 
[0063] 

The ma jor difference from Fig. 2 is that newly Cs is added , 
and the Cs is a capacity generated to overlap between the pixel 
electrode PX and the counter electrode CT through the 
insulation film. 
[0064] 

In this case, a formula corresponding to the above 
formula (1) is as follows. 
[0065] 
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[Formula 4] 

Cdl=Cgdx+Cgcx+Cgdl+ ( Cdpl+Cdp2 ) / / ( Cgs2+Clc+Cs ) / / ( Cstg 
+Cgsl)) ... (4) 

It will be apparent that even when the Cs is added , it is made 
smaller than the load capacity shown in the formula (3). 
[0066] 

In the respective embodiments , a switching element for 
connecting the counter voltage signal line CL and the counter 
electrode CT to each other is the thin film transistor TFT 2. 
This is , however, not always limited to the thin film transistor. 
The reason for this is that the switching element is interposed 
to supply the reference signal to the counter electrode, 
thereby producing the effect of the invention. 
[0067] 

In the respective embodiments, in each pixel region, the 
counter electrode CT is disposed adjacent to the video signal 
line DL. This is not always restrictive, and the pixel 
electrode PX may be disposed adjacent thereto. The parasitic 
capacity between the video signal line and the counter 
electrode can be reduced so as to produce the similar effect. 
[0068] 

[Advantage of the Invention] 

According to the invention, it will be apparent from the 
above description that the liquid crystal display device can 
restrain the occurrence of luminance difference to attain high 
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image quality. 

Bxiet De scription of the Drawings : 

Fig. 1 is a plan view showing one embodiment in a pixel 
region of a liquid crystal display device according to the 
invention; 

Fig. 2 is an equivalent circuit diagram showing one 
embodiment in a pixel region of a liquid crystal display device 
according to the invention; 

Fig. 3 is a sectional view taken along line 3 - 3 of Fig. 

i; 

Fig. 4 is a sectional view taken along line 4 - 4 of Fig. 

i; 

Fig. 5 is a plan view showing another embodiment in a 
pixel region of a liquid crystal display device of the 
invention , 

Fig. 6 is an equivalent circuit diagram showing another 
embodiment in a pixel region of a liquid crystal display device 
of the invention; 

Fig. 7 is a sectional view taken along line 7 - 7 of Fig. 

5; 

Fig. 8 is a sectional view taken along line 8 - 8 of Fig. 

5 ; and 

Fig. 9 is an equivalent circuit diagram in the pixel 
region of the conventional liquid crystal display device. 
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[Description of the Reference Numerals] 
GL: scan signal line CL: counter voltage signal line 
CT: counter electrode DL: video signal line PX: pixel 
electrode TFT1, TFT2 : thin film transistor Cstg: 
capacitative element 
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FIGURE 1: 

DL: VIDEO SIGNAL LINE SD2 : DRAIN ELECTRODE CL: COUNTER 
VOLTAGE SIGNAL LINE GL: SCAN SIGNAL LINE GT: GATE ELECTRODE 
AS: AMORPHOUS SILICON FIL: COLOR FILTER BM: BLACK MATRIX 
PX: PIXEL ELECTRODE SDl : SOURCE ELECTRODE 

FIGURE 2: 

DL(M-TH) DL ((M+1)-TH) GL(N-TH) GL ((N-l)-TH) 
FIGURE 5: 

DL: VIDEO SIGNAL LINE SD2 : DRAIN ELECTRODE CL : COUNTER 
VOLTAGE SIGNAL LINE GL : SCAN SIGNAL LINE GT: GATE ELECTRODE 
AS: AMORPHOUS SILICON FIL: COLOR FILTER BM: BLACK MATRIX 
CL: COMMON SIGNAL LINE 

FIGURE 6: 

DL(M-TH) GL((N-1)-TH) GL(N-TH) DL((M+1)-TH) 
FIGURE 9: 

DL(M-TH) GL((N-1)-TH) GL(N-TH) DL ((M+1)-TH) 
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